In our previous paper, we reported the purification of three nucleases from a commercial digestive produced from a Penicillium sp. 1} Although the molecular weight of the major nuclease PA3 was smaller than that of PI nuclease by 12000, as reported by Kuninaka et al,2~9) the specificity to single stranded RNAand DNA, pH optima for RNAand 5'-ribonucleotides were very similar to those of PI nuclease. The amino acid composition of nuclease PA3seems to very similar to that of PI nuclease except some difference in proline content.6) In this paper, we will report the complete primary structure of nuclease PA3.
Materials &Methods and Supplemental Results
Materials & Methods and Figs. 1S-5S, and Tables IS-IVS are shown in supplemental miniprint at the end of this paper. 461 Results and Discussion BrCNcleavage of RCMnudease PA3 Since nuclease PA3contains only three moles of methionine residues, RCMnuclease PA3 was cleaved with BrCN by the method of Gross and Witkop.10) The reaction products were separated by gel nitration on Sephadex G-50 into 4 fractions (BR1', BR1, BR2, and BR3) (Fig. IS) . The molecular weight, amino acid composition, and N-terminal sequence of the 1st fraction, BRT, are very similar to those of native PA3.1} (data not shown). Therefore, it was concluded that BRTis unreacted RCM nuclease PA3.
The amino acid compositions and amino acid sequences of the BR1, BR2, and BR3 are shown in Table IS and Fig. 1 , respectively. The N-terminal sequence of BR1 up to the 41st amino acid residues indicated that BR1 was the N-terminal peptide. The N-terminal amino f A part of this paper was presented at the 62nd Meeting of the Biochemical Society of Japan held in Kyoto, November 1989. n To whomall correspondence should be addressed. Abbreviations : PTH, phenylthiohydantoin; nuclease PA3, major component of nucleases from a Penicillium sp.; RCMnuclease PA3, reduced and carboxymethylated nuclease PA3; V8 protease, a Staphylococcalaureus VSprotease. Alignment ofpeptides is summarized. 7, amino acid sequence found by Edmandegradation;^A+B, amino acid sequence found by carboxypeptidases A and B digestion; BR, BrCN cleavage peptide; L, V, R, and C mean digestion products with lysylendopeptidase, V8 protease, arginylendopeptidase, and a-chymotrypsin, respectively. BR, L and V peptides are numbered from the N-terminus to the C-terminus in the primary structure. In the cases of C and R peptides, numbers are in the order ofelution from HPLC of the enzymedigests, because the only part of the digest was used for sequence analysis. The amino terminal sequence identified by Edman degradation of RCMnuclease PA3X) was indicated as RCMnuclease PA3.
The asparagine residues with carbohydrates are shown as CHO. N acid sequences of BR2and BR3were analyzed up to 42 and 37 residues, respectively.
Cleavage ofRCMnuclease PA3 with lysylendopep tidase
The lysylendopeptidase digest of RCM nuclease PA3 was separated into two fractions, 0. 1 %trifluoroacetic acid soluble and insoluble fractions. The former fraction was separated further by reversed phase HPLCwith a Tosoh
ODS80á"column, and the latter fraction with Capcell pak C1 8 column, respectively (Fig. 2S ).
The amino acid compositions and amino acid sequences of the separated lysylendopeptidase peptides (L1-L6) are shown in Table IIS and Fig. 1 Digestion ofRCMnuclease PA3 with Staphylococcal aureus V8 protease (V8 protease)
The V8 protease digest of RCMnuclease PA3was separated by reversed phase HPLC into 13 fractions (Fig. 3S) . The amino acid compositions and amino acid sequences of some of these peptides are shown in Table HIS and Fig. 1 , respectively.
Cleavage of RCMnuclease PA3 with arginylendopep tidase RCM nuclease PA3 was treated with arginylendopeptidase and the cleavage products were separated by HPLC (Fig. 4S) . The amino acid compositions and amino acid sequences of some of the peptides (R5 and R13) are shown in Table IVs and Fig. 1 , respectively.
Chymotryptic cleavage of LI peptides
Peptide LI was digested with a-chymotrypsin, and the digest was separated by HPLC (Fig. 5S) . The amino acid compositions and the sequences of the 7th peak (L1C7) are shown in Table IVS The results described above finally confirmed the N-terminal 42 residues, the C-terminal 134 amino acid residues of nuclease PA3, and the peptide consisted of 85 amino acid residues with V3 as N-terminal.
The N-terminal 4 amino acids of R5 overlapped with the 39th-42nd residues of nuclease PA3. The sequence of R5 connected V2 and V3, thus confirmed the sequence of nuclease PA3 up to the 104th residue. The sequence of L1C7 connected V4, V5, and V6 in this order. The sequence of R13 connected V6 and V7. By the results described 463 above, the sequence of nuclease PA3 was known except for the 92nd, 138th, 184th, and 197th residues. The amino acid composition of the peptides containing these four amino acid residues such as V4, V7, V9, and L4, showed the presence of glucosamine and extra aspartic acid. In addition to the above results, the sequence around these four amino acid residues agreed with the common sequence of the 7V-glycosylated asparagine, Asn-X-Ser/Thr. Therefore, it might be not unreasonable to conclude that these four unidentified positions are occupied by 7V-glycosylated asparagine residues.
The amino acid composition deduced from the sequence and that found experimentally agreed fairly well (Table I ). The molecular weight of nuclease PA3 calculated from the The specific activity towards RNAand DNA of nuclease PA3was very similar to those of PI nuclease (data not shown). Therefore, the variation of the 190th Thr residue seems to have no effect on the enzymatic activity. Biol. Chem., 38, 785 (1974 ( 6) - ( 1) 5.8 ( 6) 7.6 ( 8) 5.5 ( 6) 2.9 ( 3)
- ( 4) 1.2 ( 1) 6.9 ( 7) 6.2 ( 7) 5.9 ( 5)
3.5 ( 4) - ( 1) 4.7 ( 5) 3.7 ( 4)
2.6 ( 3) 1.3
( 1) - ( 3) 1 ( 5) 2 ( 3) 4 ( 2) 4 ( 5) 8 ( 2) 1 ( 5) 6 ( 6) 3 ( 1) 5.6 ( 6) 3.7 ( 4) 3.5 ( 4)
- ( 1 
ll.8 (ll)
4.5
8.3
4.0 ( 4)
3.0
3.7 ( 4)
- ( 1) 5.5 ( 5)
3.4 ( 3)
1.1 ( 1)
2.6 ( 3)
2.9
2.4 ( 2)
0.9 ( 1)
0.8 ( 1)
( 1) ( 1) - ( 1) 1.2
7.3
7.1
3.9
3.3
7.5
3.4 ( 4)
4.6
3.8
2.0 ( 2) 2.7 ( 3)
0.7 ( 0.9 ( 1) 1) 1 
5.5 (6)
1.1 (1) 1.9 (2)
(1) (6) (2)
(1) (2) (2) (1) (1) (1) (1) (1) (2) (3) (1) (9) (2) 2.2 (2)
1.2 (1)
2.0 (2)
1.5 (2) 0.8
3 (1) 8 (1) 2 (1) 7 (2) 1.2 (1) 0.8
0.7
0.9
(1) (6) (7) (3) (3) (2) (5) (9) (3)
0.9 (1)
(
.2 (2) .8
(2) à"2 (1) .8
(1) å 0
(1)
1.5 (2) 1.7 (2) 2.0 (2)
2.9 (3) 0.8 (1) 0.9 (1) 0.7 (1) - (1) 1.1 
